The present contribution describes the systematic structural diversification of the κ 2 -P,N DalPhos ligand family in an effort to improve catalytic efficiency in the monoarylation of ammonia and acetone. The study is focused primarily on modifying the backbone phenylene linker, while retaining the same bite angle and steric bulk as the Mor-DalPhos ligand through the use of P(1-Ad) 2 and morpholine donors. Eight new variants of Mor-DalPhos were prepared; two of these feature a pyridine linker (L1, L2), while five others feature either electron-donating (L3, L4) or withdrawing (L5-L7) substituents on the phenylene linker. Additionally, thiomorpholino substitution (L8) was performed to investigate the effects of a possible tridentate coordination mode. Precatalyst complexes of the general formula LPd(cinnamyl)Cl were prepared and characterized, in both solution and solid state. Solution studies demonstrated a significant degree of lability in the Pd-N bond, whereby dynamic behavior is seen to be dependent on the nature of the ligand backbone. The utility of these new ligands in the palladium-catalyzed monoarylation of ammonia or acetone was then surveyed. Notably, pyridine-derived ligand variants (L1, L2) were observed to out-perform parent Mor-DalPhos in the latter transformations.
D r a f t
Developing Backbone-Modified Mor-DalPhos Ligand Variants for Use in Palladium-Catalyzed C-N and C-C Cross-coupling

Introduction
The development of new classes of ancillary ligands, such as tertiary monodentate/bidentate (bis)phosphines [1] [2] [3] [4] and N-heterocyclic carbenes (NHCs), [5] [6] [7] [8] has allowed great advancements in the scope and efficiency of the palladium-catalyzed amination of aryl halides and pseudohalides (i.e. Buchwald-Hartwig amination (BHA)), as well as the α-arylation of carbonyl compounds. As a result, such protocols have emerged as useful synthetic methodologies for the construction of complex organic structures in widespread applications. [9] [10] [11] Our past contributions to this field have included the development of the κ 2 -P,N ligand Mor-DalPhos ( Fig. 1 ), which is advantageous for its excellent performance in challenging transformations including the monoarylation of ammonia, 12 hydrazine, 13 and acetone. 14 The success of Mor-DalPhos owes to a combination of an electron rich, bulky and rigid P(1-Ad) 2 moiety and a potentially hemilabile morpholino group capable of supporting lowcoordinate Pd-complexes.
2,15
The dialkylbiaryl phosphine ligands developed by Buchwald and co-workers constitute one of the most successful families of structurally related ligands for BHA. 1, 4, [16] [17] [18] While individual ligands within this family are frequently task-specific, 1 they have been successfully applied to some challenging palladiumcatalyzed C-N and C-C cross-coupling reactions.
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Similarly, Hartwig and co-workers have developed several generations of active catalysts based on the commercially available JosiPhos ligands. 3, [19] [20] [21] [22] In both cases, improved utility was achieved by studying many iterations of each basic ligand type, with substituents chosen to rationally alter the steric and electronic profiles of the donor groups. In a similar manner, MorDalPhos was discovered through a preliminary screening of a very small number of structurally related variants.
23, 24 However, we have yet to determine the effect of altering the phenylene backbone of MorDalPhos ligand, through the placement of electronwithdrawing or donating substituents, or through heteroatom substitution within the ring. In this contribution, we report an examination of the influence of substitution para to phosphorus or nitrogen, in an effort to cause electronic perturbations with minimal sterically promoted effects. To this end, substitution at the 4-and 5-positions of the phenylenebackbone with electron-donating or electronwithdrawing groups of varying strength has been undertaken ( Fig. 1) . A preliminary study of heteroatom substitution within the six-membered ring has been undertaken through the use of a pyridine linker, whereby the N is located ortho to either the phosphine or the amine group. Finally, a variant with a thiomorpholine group and no backbone modifications has also been explored. Several palladium complexes of these new ligand variants have been structurally characterized, and the catalytic performance of all variants in the monoarylation of ammonia and acetone has been examined. Preliminary screening results highlight ligands featuring a pyridine-backbone as being particularly useful candidates for the monoarylation of acetone.
Experimental Section
General Considerations Unless noted, reactions were set up inside a dinitrogen-filled inert atmosphere glovebox and worked up in air using benchtop procedures. Benzene, hexanes, pentane and toluene were deoxygenated by sparging with dinitrogen followed by passage through an mBraun double column solvent purification system packed with alumina and copper-Q5 reactant; dichloromethane was purified over two alumina-packed columns. THF was dried over Na/benzophenone, distilled, and stored over 4 Å molecular sieves. Di(1-adamantyl)phosphine 25 and [Pd(cinnamyl)Cl] 2 
26
were prepared according to literature procedures; all other chemicals were obtained from commercial sources in high purity and used as received. CDCl 3 (Sigma-Aldrich) and C 6 D 6 (Cambridge Isotopes) used for NMR spectroscopic analysis were degassed by using at least three repeated freeze-pumpthaw cycles and stored over 4 Å molecular sieves for 24 h prior to use. Column chromatography was carried out using Silicycle SiliaFlash 60 with particle size 40-63 µm (230-400 mesh). Gas chromatography (GC) data were obtained on a Shimadzu GC-2014 equipped with a SGE BP-5 30 m, 0.25 mm I.D. column. Unless otherwise noted, 1 H, 13 C, and 31 P NMR spectral data were collected at 300 K on a Bruker AV-500 spectrometer operating at 500. Representative Catalytic Protocol A:
In an inert atmosphere glovebox, Pd 2 dba 3 (1 mol %) and rac-BINAP (3 mol %) were added to a vial sealed with a cap containing a PTFE septum and stirred in toluene ([ArI] = 0.50 M) for 5 min after which NaOtBu (1.3 equiv.) and 18-Crown-6 (1.3 equiv.) were added along with the aryl iodide substrate (1 equiv.) if it was a solid. After removing the vial from the glovebox the aryl iodide was added if it was a liquid, along with the corresponding morpholine variant (1.2 equiv.). The solution was then stirred vigorously overnight at room temperature and reaction progress was monitored by use of GC methods. After complete consumption of the aryl iodide was observed (16-24 h), the reaction mixture was diluted with EtOAc (40 mL) and washed with 1:1 water/brine (3 x 50 mL). The organic layer was dried over sodium sulfate, filtered and concentrated to afford crude product which was further purified by column chromatography.
Representative Catalytic Protocol B:
In an inert atmosphere glovebox, Pd 2 dba 3 (3-5 mol %) and XantPhos (Pd:L 1:3) were added to a vial sealed with a cap containing a PTFE septum and stirred in toluene ([ArI] = 0.40 M) for 5 min after which NaOtBu (1.1-2.5 equiv) was added along with the aryl iodide substrate (1 equiv) if it was a solid. After removing the vial from the glovebox the aryl iodide was added if it was a liquid, along with morpholine (1.1 equiv). The vial was then placed in a temperature-controlled heating block set at 110 °C and the solution was stirred vigorously. Reaction progress was monitored by use of GC methods and after complete consumption of the aryl iodide was observed (12-24 h), the reaction mixture was allowed to cool and then filtered through a short plug of silica on celite, which was washed with CH 2 Cl 2 /MeOH (50:1). The resulting eluent solution was concentrated to afford crude product which was further purified by column chromatography.
Representative Catalytic Protocol C:
In an inert atmosphere glovebox, Pd(OAc) 2 (2.5-5 mol%) and DiPPF (1,1'-bis(diisopropylphosphino)ferrocene; Pd:L ~1:1.1) were combined in toluene ([ArBr] = 0.50 M) and stirred for 10 minutes. This solution was then added to a vial containing di(1-adamantyl)phosphine (1.00 equiv.) and D r a f t 3 NaOtBu (1.2 equiv.) followed by the addition of the aryl halide (1.05 equiv.); the vial was then capped and removed from the glovebox. The resulting mixture was heated at 110 °C until complete consumption of the phosphine was achieved, as judged via 31 P NMR spectroscopy (typically 16-24 h). The solution was then cooled and filtered through a plug of silica on celite, which in turn was washed with CH 2 Cl 2 . The resulting eluent solution was concentrated to afford products that were furthered purified by washing with cold pentane (3 x 5-10 mL). All ligands were worked up in air and were found to be stable when handled on the benchtop.
4-(2-Bromopyridin-3-yl)morpholine (1). Prepared from 2-Bromo-3-iodo-pyridine via representative catalytic protocol B employing 3 mol% Pd and 1.1 equiv. NaOtBu (increasing base equivalency led to undesired C-O cross-coupling at the bromide of L6'). The title compound was isolated in 68% yield as a yellow oil (496 mg, 2.04 mmol) after column chromatography (10:1 Hexane:EtOAc). Note: column chromatography was carried out using Brockman III alumina as opposed to Silicycle SiliaFlash 60. 1 trifluoroacetic acid (138 µL, 1.8 mmol); after stirring for 5 minutes, 4-bromoveratrole (432 mL, 3.0 mmol) was added to the resulting deep yellow mixture. The vial was then placed in a temperature-controlled heating block set at 65 °C, and the solution was stirred vigorously. Reaction progress was monitored by GC methods; following full consumption of the ArBr (24 h) the resulting orange solution was cooled to room temperature and poured into water (50 mL) and extracted with EtOAc (3 x 30 mL). The combined organic extracts were washed with aq. sat. NaHCO 3 (25 mL), aq. Na 2 S 2 O 3 (10%, 3 x 20 mL) and brine (20 mL 3-Bromo-4-morpholinobenzonitrile (7). 3-Bromo-4-fluoro-benzonitrile (1.00 g, 5.0 mmol), morpholine (865 µL, 10.0 mmol) and K 2 CO 3 (2.00 g, 14.5 mmol) were weighed into a vial to which DMSO ([ArF] = 0.50 M) was added. The reaction mixture was stirred vigorously overnight at 150 o C and progress was monitored by GC methods. Following full consumption of the ArF (24 h) the resulting yellow solution was cooled to room temperature and poured into EtOAc (30 mL) and washed with water (6 x 50 mL). The organic phase was dried over sodium sulfate, filtered and concentrated. The title compound was isolated in 32% yield as white crystals (425 mg, 1.59 mmol) after column chromatography (5:1 Hexane:EtOAc). 
Details of Crystallographic Studies
Crystallographic data were obtained at 173(2) K for L2, L3, L8, C4, C5, and C8·CH 2 Cl 2 , at 296(2) K for L1 and L5, on either a Bruker PLATFORM/SMART 1000 CCD diffractometer or a Bruker D8/APEX II CCD diffractometer using graphite-monochromated Mo Ka (λ = 0.71073 Å) radiation. Unit cell parameters were determined and refined on all reflections. Data reduction and correction for Lorentz polarization were performed using Saint-plus, 28 and scaling and absorption correction were performed using the SADABS software package. 29 Structure solution by direct methods and least-squares refinement on F 2 were performed using the SHELXTL software suite.
30 Non-hydrogen atoms were refined with anisotropic displacement parameters, while hydrogen atoms were placed in calculated positions and refined with a riding model. Multi-scan absorption correction was employed in all cases. In the case of L8, nonmerohedral twinning was found to exist in the crystal used for data collection, and therefore TWINABS was used to correct for absorption, and both components were indexed using CELL_NOW (Bruker AXS Inc., A single component HKLF 4 file was used for initial structure solution using direct methods, while integrated intensities from both components were written into an HKLF 5 file, which was used for solution refinement. Compound C8 cocrystallized with one molecule of dichloromethane. Additionally, the cinnamyl group of C8 is disordered over two orientations which occupy nearly the same space; all but the metal-bound carbon (C31) and the para-carbon of the phenyl (C37) are modelled as a 59:41 positional disorder over two sites. The morpholine moiety of C5 exists in two conformations, which has been modelled as a 65:35 positional disorder of the oxygen atom and a neighbouring carbon atom over two sites, where the major component is the usual chair conformation. For C4, significant voids filled with poorly ordered solvent exist in the lattice. These have been modelled using the SQUEEZE subroutine of the Platon software suite. The procedure extracted a total of 228 electrons from a volume of 618 Å 3 , which may be attributed to three molecules of solvent (CH 2 Cl 2 or diethyl ether) per asymmetric unit. Full details are provided in the deposited CIFs (CCDC 1582659-1582666).
The simple synthesis of eight air-stable variants of Mor-DalPhos, from commercially available dihalo(hetero)arene precursors is disclosed herein. Our previous work developed straightforward methodologies for the synthesis of DalPhos ligands. 12 Typically, iodobromobenzene precursors are coupled with amine substrates using BHA procedures to afford N-(2-bromoaryl)amine compounds, upon which a phosphine group is installed using the standard P-C cross-coupling methodology. 31 We have therefore applied this same synthetic strategy for the preparation of backbonesubstituted variants, using the substituted dihalo(hetero)arene precursors 1ʹ-7ʹ (Fig. 2) . Iodobromobenzene (8ʹ) was used as a precursor to a thiomorpholine variant of Mor-DalPhos (vide infra). All of these precursors are commercially available; however, we found 3ʹ to be prohibitively expensive and thus opted to develop an optimized synthesis of this compound. A two-step method for the preparation of 3ʹ from veratrole was reported in 2006 by Fürstner et al. 32 Unfortunately, this route required the use of hazardous and toxic main-group reagents (Br 2 and HgO), and the final product was reportedly contaminated by a dibromide species resulting from poor chemoselectivity.
26 By applying the reported method for regioselective iodination of electron-rich aromatics with N-iodosuccinimide (NIS) and catalytic trifluoroacetic acid (TFA), 33 3ʹ was successfully prepared from 4-bromoveratrole in near quantitative yield (Scheme 1). With compounds 1ʹ-8ʹ in hand, the N-(2-bromo)aryl compounds 1-8 (Scheme 2) were prepared by either C-N cross coupling or nucleophilic aromatic substitution (S N Ar) methodologies. Cross-coupling employing the rac-BINAP/Pd 2 dba 3 catalyst system provided the aryl bromide compounds 3, 4, and 8, in isolated yields between 78 and 80%. Attempts to use rac-BINAP/Pd 2 dba 3 for the preparation of intermediates 1, 5, and 6, were unsuccessful, resulting in negligible yield or a mixture of several products. However, the use of XantPhos and Pd 2 dba 3 at relatively high loadings (3-5 mol% Pd, 9-15 mol% ligand) enabled the isolation of 1, 5, and 6 in 68-74%, respectively. Compounds 2 and 7 were synthesized via S N Ar methods, resulting in isolated yields of 81% and 32%, respectively. Scheme 2. Synthesis of N-(2-bromo)aryl intermediates. Synthetic method 1: C-N cross-coupling; 2: S N Ar. Isolated yield (%) in parentheses.
From this diverse set of 4-(2-bromo(hetero)aryl)morpholine precursors, ligands L1-L8 were synthesized by installation of the bulky di(1-adamantyl)phosphino fragment via P-C cross-coupling using Pd(OAc) 2 (2.5-5 mol%) and DiPPF (Pd:L ~1:1.1). 25 This synthetic procedure allowed L1-L8 to be obtained in 73-98% yield in this step (Fig. 3 ).
D
Single-crystal X-ray diffraction data were collected for L1-L3, L5, and L8, and the molecular structures are presented collectively in Fig. 4 . A close examination of these structures reveals little perturbation of the biteangles of these ligand variants, even for the pyridinebackbone variants, as determined by measurement of the P-N distances. The P-N distances in all cases range between 2.979(1) and 3.071(1), which are small differences that may be attributed to crystal packing effects. This suggests that any differences in coordination behavior or catalytic activity (vide infra) may be attributed primarily to inductive/mesomeric electronic effects arising from backbone substituents and heteroatom substitution. 
Synthesis of Pre-catalyst Complexes
The development of catalysts that address various challenges in C-N and C-C cross-coupling has been aided by detailed structural studies of the interaction between Pd and carefully designed supporting ancillary ligands. The studies have also demonstrated reactivity benefits attained through use of pre-formed palladiumligand complexes. 3, 5, 6, 16, 34, 35 We have therefore prepared precatalyst complexes of L1 to L6, of the general formula (κ 2 -P,N-L)Pd(cinnamyl)Cl, where in some cases the chloride is outersphere, giving complexes C1 to C6, respectively. These are generically depicted in Fig. 5 . The cyano-substituted variant L7 was excluded from this study due to the low yielding synthesis of this ligand; the coordination chemistry of L8 is discussed later in the text. The complexes C1 to C6 were readily generated by combining each ligand with [Pd(cinnamyl)Cl] 2 in a 2:1 ratio in CH 2 Cl 2 at room temperature. Characterization by NMR spectroscopy revealed that all resulting complexes feature the η 1 -cinnamyl ligand in solution, due to the observation of a sharp doublet corresponding to the cinnamyl CH 2 group for each at approximately 3.5 ppm in the 1 H NMR spectrum. 15 The analogous coordination complexes of MorDalPhos were previously prepared and characterized as part of a larger study aimed at better understanding the catalytic cycle of ammonia arylation. 15 (Fig. 6 ). Interestingly, the complexation of L1 afforded two products with distinctly different 31 P{ 1 H} NMR resonances at δ 68.7 and 46.5 in a ratio of approximately 2.3 to 1, respectively. We propose that the two products may be attributed to coordination of either the pyridine or the morpholine as the secondary donor group (Fig. 7) . The complex [(κ 2 -P,N mor -L1)Pd(η 1 -cinnamyl)Cl] (C1a) is assigned as the major product because of the similarity between the chemical shift of this isomer (68.7 ppm) and C2-C6 (ca. 63-75 ppm, vide infra), while [(κ 2 -P,N pyr -L1)Pd(η 1 -cinnamyl)Cl] (C1b) is invoked as the minor isomer. The preference for C1a over C1b may be attributed in part to the more strained four-membered metallacyclic ring in the latter, versus the five-membered ring in the former. To determine if D r a f t 10 these complexes are in equilibrium, 31 P{ 1 H} NMR spectroscopy saturation transfer experiments were conducted (see Figure S45 , Supporting Information). [36] [37] [38] Intensity suppression was noted for both resonances upon irradiation at δ 46.5, indicating exchange between the two isomers. Conversely, complexation of L2 under similar conditions gave a single product. Characterization by use of solution NMR spectroscopy allowed for the identification of this product as [(κ 2 -P,N-L2)Pd(η 1 -cinnamyl)Cl] (C2). This complex displays dynamic behaviour of the morpholine moiety, such that the morpholine resonances are so broadened as to be nearly indistinguishable from the baseline at 10 °C (see Figure  S50 , Supporting Information). These resonances separate and sharpen into the four signals expected of a bound morpholine on cooling to -30 °C. Coalescence begins to occur at -10 °C, and at 30 °C, complete coalescence into two peaks is clearly evident; these signals sharpen considerably at 50 °C (see Figure S50 , Supporting Information). These observations suggest a dynamic process involving breaking of the Pd-N bond, C(aryl)-N bond rotation, inversion at N, and reforming of the Pd-N linkage.
Complexes incorporating electron donating groups on the phenylene backbone, namely [(κ 2 -P,N-L3)Pd(η 1 -cinnamyl)Cl] (C3) and [(κ 2 -P,N-L4)Pd(η 1 -cinnamyl)Cl] (C4), were prepared in a similar manner. In C4, the η 1 -cinnamyl structural assignment was made based on the presence of two alkenyl signals at δ 6.68 and 6.32, and a Pd-CH 2 benzylic resonance at δ 3.55 in the 1 H NMR spectrum. C3 displays similar resonances and thus the same structure type is implied. Overall, these spectroscopic signatures deviate little from those previously reported for the analogous Mor-DalPhos complex, 15 and no notable dynamic behaviour is observed at ambient temperature.
The presence of fluorine substitution para to phosphorus in the complex [(κ 2 -P,N-L5)Pd(η 1 -cinnamyl)Cl] (C5), results in dynamic behaviour of the morpholino resonances that is observable in the 1 H NMR spectrum. In particular, the corresponding resonances are considerably broadened at room temperature, lacking the sharp line shape that was observed for C4. Variable temperature 1 H NMR studies (see Figure S60 , Supporting Information) reveal the expected set of four sharpened resonances upon cooling to -10 °C, where coalescence of one pair of signals begins to occur on warming as low as 10 °C. Warming to 50 °C shows complete coalescence of one pair of resonances, while the second pair remains extremely broad and is barely visible from the baseline. These observations are consistent with a dynamic process that involves breaking and re-forming of the Pd-N bond, which implies a weakened Pd-N interaction. This suggests that the fluorine substituent exhibits the expected effect, which based on the Hammett parameters, should withdraw significant electron density from morpholine while having little effect on the phosphine (σ m = 0.34, σ p = 0.06).
39,40
The complex [(κ 2 -P,N-L6)Pd(η 1 -cinnamyl)Cl] (C6), which features a fluorine para to the morpholine donor, was also prepared and characterized. Despite anticipating a weakened Pd-P bond due to the inductive effects of fluorine, no dynamic processes involving the morpholine were observed to occur at ambient temperature.
In order to determine what structural effect on palladium coordination chemistry, if any, may result from the electronic variations in these new ligands, solid-state structural studies have been carried out. Among the above complexes, only C4 and C5 provided single crystals suitable for X-ray diffraction studies, thereby providing examples of both electron withdrawing and donating substituents. The solid-state structure of C4 of the particular crystalline sample examined was revealed to be [(κ 2 -P,N-L4)Pd(η 3 -cinnamyl)]Cl, in which the cinnamyl group is η 3 and the chloride is outer sphere (Fig. 8) . Analysis of selected metrical parameters for C4 confirm an unsymmetrically bound η 3 -cinnamyl group [Pd-C31 = 2.0838(19) Å, Pd-C(32) = 2.2677(18) Å, Pd-C(33) = 2.6121(19) Å. These values are similar to those obtained for the analogous η 3 -Mor-DalPhos complex (C7b, Fig. 6 ; Table 1 Interestingly, C5 crystallized in the η 1 -cinammyl form observed in solution, rather than the η 3 -cinammyl form noted above for the solid-state geometry of C4 (Fig. 9) . Consequently, only the cinnamyl CH 2 group interacts with Pd (Pd (1)-C(31) = 2.0823(15) Å) , while the bond lengths within the cinnamyl are consistent with alternating single and double bond character (C(31)-C(32) = 1.482(2) Å; C(32)-C(33) = 1.337(2) Å; C(33)-C(34) = 1.468(2) Å. A comparison between the metrical parameters of C5 and the analogous Mor-DalPhos complex C7a (Fig. 6 ) is found in Table 1 . The Pd-P bond lengths are not statistically different, which is unsurprising given the minimal inductive effect that fluorine imparts on para substituents (σ p = 0.06). Surprisingly, the Pd-N bond lengths are also not statistically different, despite observation in solution 1 H NMR spectra of pronounced lability of this bond in C5. There remains some uncertainty regarding the role of the morpholine oxygen atom and its potential involvement as a donor atom within the catalytic cycle during cross-coupling. Therefore, L8, which features a thiomorpholine group, was included in this study with the expectation that this relatively soft sulfur donor would exhibit a greater affinity for binding to palladium versus the harder oxygen atom of the parent ligand. The precatalyst complex C8 was prepared in the same manner as the complexes C1 to C6 described above. It was envisioned that the structure of C8 would aid our understanding of the role of the potential third donor atom on stabilizing intermediates within the catalytic cycle. Previous studies have shown the ability of MorDalPhos to adopt a κ 3 -P,N,O coordination mode, although this has only been observed with the use of halide abstracting reagents to forcibly open a coordination site. A notable example is the complex [(κ 3 -P,N,O-Mor-DalPhos)Pd(Ph)]OTf (C9), which features an outer-sphere triflate anion (Fig. 10) . 15 The crystal structure of C8 was obtained, revealing that the ligand adopts a similar κ 3 -P,N,S coordination mode in the precatalyst complex, thereby generating a unique compound featuring both a η 1 -cinnamyl and an outersphere halide (Fig. 11) . Furthermore, NMR studies suggest that the tridentate coordination is retained, Key metrical parameters of C8 and C9 are compared in Table 2 . Examination of bond lengths indicates that the Pd-P and Pd-N interactions of C8 are longer than those in the C9, which can be attributed to a significantly greater contribution of electron density from the sulfur atom of thiomorpholine compared with the morpholine oxygen. Figure 11 . ORTEP diagram for C8, depicted with 50% displacement ellipsoids; selected H-atoms have been omitted for clarity.
Catalyst Screening Studies
The catalytic utility of ligands L1-L8 was tested relative to parent Mor-DalPhos in the monoarylation of ammonia 12 or acetone 14 with chlorobenzene (Table 3) . While none of the new ligand variants performed exceptionally well versus Mor-DalPhos in the monoarylation of ammonia under the conditions examined, L4-L6 gave the best results amongst the new ligands tested. In contrast, a number of the new MorDalPhos variants proved highly effective in acetone monoarylation. Surprisingly, even the tridentate ligand L8, which displayed virtually no activity in ammonia monoarylation, afforded 60% conversion on the basis of calibrated GC data to the desired monoarylation product. Furthermore, L1 and L2 each outperformed MorDalPhos in this reaction, affording high conversion to the desired product on the basis of calibrated GC data. Table 3 . Mor-DalPhos and L1-L8 employed the palladiumcatalyzed monoarylation of ammonia or acetone using chlorobenzene. 
Conclusions
In summary, a series of structural analogues of MorDalPhos featuring electron-donating and electronwithdrawing groups of varying strength were prepared, and a preliminary study of the structures of precatalyst complexes was undertaken. While the incorporation of a thiomorpholine moiety did lead to a significant change in precatalyst structure (κ 3 vs. κ 2 ligand binding), crystallographic studies revealed that backbone substituents cause only subtle differences in the geometries of precatalyst complexes. Screening of ligands L3-L7 in challenging C-N cross-coupling reactions revealed that both electron-withdrawing and donating phenylene substituents cause a reduction on catalyst performance, and therefore, in most cases the unsubstituted Mor-DalPhos displayed superior performance. The ligand L8 demonstrated no activity in ammonia monoarylation, suggesting that a high affinity for κ 3 binding is detrimental to catalysis and should be avoided in future ligand designs for such applications. Notably, the pyridine bridged ligands L1 and L2 offered significant performance gains for the monoarylation of acetone. Overall, these results suggest that placement of substituents on the phenylene backbone of the ligand offer few advantages, and point toward direct placement of heteroatoms within the backbone ring as a potentially more productive approach for development of new generations of Mor-DalPhos for use in palladiumcatalyzed cross-coupling chemistry. 
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